Isolation and characterization of the gene encoding phosphoenolpyruvate carboxykinase from Saccharomyces cerevisiae  by Valdés-Hevia, Marta D. et al.
Volume 258, number 2, 313-316 FEB 07903 
Isolation and characterization of the gene encoding 
December 1989 
phosphoenolpyruvate carboxykinase from Saccharomyces cerevisiae 
Marta D. ValdCs-Hevla, Raquel de la Guerra and Carlos Gancedo 
Instltuto de Investtgacrones Brom&dtcas de1 CSIC, Fact&ad de Medrcrna UAM, Arturo Darperrer 4, E-28029 Madnd, Sparn 
Revved 16 October 1989 
The yeast PCKl gene codmg for phosphoenolpy~vate carboxykmasc (PEPCK) was Isolated by functIona complementatlon of pckl strains from 
S cerevzsfae Only one copy of the gene was found per baplold yeast gcnome An RNA of about 2 kb which hybndlzed with a DNA probe mtemal 
to the PCKl gene was found only m cells growmg m non-fermentable carbon sources Yeast &rams carrymg multiple copies of the PCKl gene 
showed normal catabohte represslon of PEPCK except those carrying the shortest msertlon complementmg the mutation (2 2 kb) that presented 
an altered kmetlcs of derepresslon Catabohte mactlvatlon was decreased m strains transfomed with multtcopy plasmlds carrymg the PCKl gene 
Phosphoenolpyruvate carboxykmase, Gluconeogenesls, Catabohte repression, Catabohte mactlvatlon 
1. INTRODUCTION was transformed usmg the protoplast method [11] Subsequent yeast 
transformations were performed accordmg to [12] 
Growth of yeasts on non-c~bohydrate carbon 
sources requires gluconeogenesis. All steps of gluconeo- 
genesis implicate enzymes that are shared by the glyco- 
lytic pathway except those catalyzed by fructose-1,6- 
bisphosphatase (FbPase) and phosphoenolpyruvate 
carboxykinase (PEPCK). Both enzymes are regulated 
by catabolite repression [1,2] and catabolite inactiva- 
tion [3-51. In order to obtain more knowledge about the 
molecuIar processes underlying these phenomena in the 
case of PEPCK we undertook the isolation and charac- 
terization of the gene encoding this enzyme. 
2 4 DNA/RNA man~palat~ons 
DNA mampulatlons were by standard methods [7] Probes were 
labelled as described m [13] 
2.5. EnZymatrc assays 
Yeast extracts were prepared as m [14] PEPCK was assayed as m 
[15] as modlfled m [6] FbPase was assayed as m [14] and malate de- 
hydrogenase as m [16]. Protem was assayed as m [17] 
2.6 Isoiatron of the PCKI gene 
2. MATE!RIALS AND METHODS 
2 1. Strams 
S. cerevtstae strams PLJK3B, MAT IY pckl ura3 adel was derived 
from strain JPM2 [6] and used to clone the PCKl gene. Strains 
X2180 (wild-type); CJM46, MAT a his 1 adel canl; CJM88, MAT LY 
ura3, CJM-D2, MATa ura3 and PUK-2B, MAT a pck ura3 were also 
utilized Escherrchra cob HB-IO1 [7] was used for transformation and 
amphficatlon of plasmtds A yeast genomlc library constructed m 
pFL1 [S] was used to isolate plasmids contammg PCK 1 sequences 
Vectors YEp352 and YIp352 [9] were used for subclonmg 
The PCK 1 gene was isolated by functional complementatlon of S 
cerevfslae PUKJB unable to grow on pyruvate. First the yeast was 
transformed to uracd prototrophy All the transfo~ants were screen- 
ed for growth on pyruvate Among 30000 colomes oniy one colony 
was able to grow on pyruvate. A plasmld was Isolated from this trans- 
formant (pMV l), amplified m E cob and used to retransform strain 
PUK-3B All the transformants were prototrophlc for uracd and grew 
on pyruvate When grown on rich medium glucose for ten generatlons 
50% of the population lost both the pyruvate positive phenotype and 
the uracd prototrophy. 
3. RESULTS AND DISCUSSION 
2 2 Medto and growth condition 
kch medium was 1% (w/v) yeast extract, 1% (w/v) peptone Mini- 
mal medium was 0.7Q70 (w/v) I)lfco yeast mtrogen base with the re- 
quired supplements As carbon sources 2% (w/v) glucose or pyruvate 
were added 
2 3. Transformatron of E co11 and yeast 
Competent E cob cells were prepared, stored and transformed by 
standard techniques [lo] For the mitral lsolatlon of the gene, yeast 
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Plasmid pMV 1 was analyzed by restrlction endonu- 
clease digestion to generate the map shown in fig. 1. Sev- 
eral subclones were tested for their ability to comple- 
ment the pck mutation (fig.1). The smallest fragment 
complementing the pck mutation was located in a 
2.2-kb fragment in plasmid pMV7. Genomlc DNA 
probed with the fragment HindIII-Sal1 internal to the 
gene showed hybridization of the cloned DNA to a sm- 
gle locus (results not shown). To eliminate the possiblli- 
ty that a suppressor of the mutation had been cloned 
two approaches were used: Integration of the comple- 
menting DNA into the genome and disruption of the 
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Fig. 1. Restriction maps of plasmids used to characterize PCK 1. pMV 1 was isolated from a yeast genomic library in pFL 1. To construct pMV2 
through pMV7, fragments from pMV 1 were ligated into YEP352. pMV8 had the same insert as pMV7 but ligated into YIP352. To obtain pMV9 
the fragment SalI-HpaI was eliminated from pMV8, and substituted by the URA3 gene. 
gene. Plasmid pMV8 (fig.1) was used to transform 
PUK-3B to uracil prototrophy and clones growing on 
pyruvate were selected. Genomic DNA from one trans- 
formant and from wild-type were digested with EcoRI 
or with Hind111 and probed with the HindIII-EcoRI 
fragment. The bands obtained were in accordance with 
the values expected if the plasmid had been inserted at 
a site homologous to the DNA fragment that comple- 
ments pck 1 (fig.2). The transformant was crossed with 
CJM46 (PCKl, URA3) and with PUK-2B (pckl, 
ura3). In 9 complete tetrads of the first cross all spores 
grew on pyruvate (4+ :O-). Segregation of Uraf pheno- 
type was 4+ : O- in 3 tetrads and 3+ : l- in 6 of them. In 
21 complete tetrads from the second cross growth on 
pyruvate segregated 2+ : 2- and the Ura+ phenotype co- 
segregated with the positive growth on pyruvate. These 
results demonstrate that pMV8 had integrated into the 
genome at a site tightly linked to PCK 1 locus. The frag- 
ment BglII-EcoRI of pVM9 containing the disrupted 
PCK 1 gene was introduced into CJM 88 (PCK 1, ura3) 
to replace the resident copy of PCK. Uracil prototrophs 
were isolated and those unable to grow on pyruvate se- 
lected. PEPCK activity was not detectable in these 
clones. Genomic DNA from wild-type and a 
pck 1: : URA 3 were digested with Hind111 or EcoRI and 
probed with the fragment HindIII-EcoRI (fig.2). The 
results are in agreement with the expected fragment size 
of the wild-type and disrupted gene. The transformant 
with the disrupted gene was crossed with CJM-D2 
(PCK 1, ura3) and sporulated. In 9 complete tetrads, 
growth on pyruvate and uracil prototrophy co- 
segregated 2+ :2-. These results allow us to conclude 
that the PCK 1 gene and not a suppressor has been clon- 
ed. Moreover, the sequence of the smallest insert [18] 
codes for a protein with an estimated molecular weight 
in accordance with the one reported for the PEPCK 
Fig.2. Southern-blot analysis of strains carrying a PCK 1 integrating 
plasmid or a disruption of the chromosomal PCK 1 gene. DNA was 
digested with EcoRI (lanes 1, 3, 5) or Hind111 (lanes 2, 4, 6). The 
probe used was the 2.2 kb HindIII-EcoRI fragment (see fig. 1). (Lanes 
1 and 2) DNA from X2180 (wild-type); (lanes 3 and 4) DNA from a 
yeast carrying pMV 8; (lanes 5 and 6) DNA from a yeast carrying frag- 
ment BglII-EcoRI from pMV9. 
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Fig.4. Catabolite inactivation of PEPCK, FbPase and malate de- 
hydrogenase in yeast strains carrying multicopy or integrative plas- 
mids with the PCK gene. Inactivation was performed as described 
[23]. Squares, PEPCK; circles, FbPase; triangles, malate dehydro- 
genase. Open symbols, integrative plasmid pMV8; filled symbols, 
multicopy plasmid pMV 1. During the time of the experiment the con- 
tent of total protein in the cells did not vary. Initial specific activities 
(r@mg) for strains carrying the plasmid pMV8 were: PEPCK, 500; 
FbPase, 60; malate dehydrogenase, 2000; and for strains carrying 
pMV 1: PEPCK, 3000; FbPase, 100; malate dehydrogenase, 4000. 
Fig.3. Expression of PCK 1 mRNA. Total RNA was extracted as in 
1241 from glucose repressed or derepressed cultures, treated as in [23] 
and probed with the BarnHI-Sal1 fragment internal to the PCK 1 gene 
(see fig.1). Size in kb indicated by the arrow was determined by com- 
parison with S. cerevisiue ribosomal RNA. (Lane 1) PUKJB dere- 
pressed; (lane 2) PIJK-3B/pMV4 derepressed; (lane 3) Id repressed; 
(lane 4) X2180 derepressed; (lane 5) Id repressed. 
subunit [19] and the overall amino acid composition is 
in accordance with the one published for the yeast en- 
zyme [20] thus indicating that PCK 1 is the structural 
gene for PEPCK. 
Extracts from wild-type and mutant cells grown in 
derepressed conditions contained a 2.1 kb RNA that 
hybridized with a BantHI-Sal1 probe internal to the 
gene (fig.3). In conditions of glucose repression this 
RNA was not detected (fig.3). It is therefore likely that 
the PCKl gene is regulated by differential transcrip- 
tion, although a different stability of the mRNA depen- 
ding on the carbon source of the medium cannot be ex- 
cluded. Repression by glucose was as marked in the 
transformants as in the wild-type. However, in strains 
transformed with pMV7 activity began to appear when 
glucose in the medium was still as high as 90 mM. 
PEPCK is subject to catabolite inactivation [4,5,19] 
as well as FbPase [3,14] and malate dehydrogenase [21, 
221. In strains carrying a multicopy plasmid with the 
PCKl gene catabolite inactivation of PEPCK and of 
FbPase was delayed while that of rnalate dehydrogenase 
was unaffected (fig.4). This result is parallel to that re- 
ported by De la Guerra et al. [23] with strains over- 
producing FbPase. Taken together these results suggest 
that PEPCK and FbPase are the substrates of the same 
inactivating system while a different one would be 
operative with malate dehydrogenase. 
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